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® Large scale production of DNA probes. 

@ A process for production of a single strand of a nucleic 
acid comprising covaiently linking to a solid substrate a 
polynucleotide complementary to the desired strand hy- 
bndizing said polynucleotide with an oligonucleotide ex- 
tendmg the oligonucleotide in direction away from said 
substrate, denaturing the hybridized polynucleotide and 
extended oligonucleotide, thereby to free the extended oil- 
gonucleotide from the solid substrate, and separating the 
extended oligonucleotide. The product can be used for 
rnaking analytical probes. 
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@ Urge scale production of DMA probes. 



(53) A process for production of a single strand of a nucleic 
acid comprising a covaiently linking to a solid substrate a 
polynucleotide complementary to the desired strand, hybri* 
dizing said polynucleotide with a oligonucleotide, extending 
The oligonucleotide in direction away from said substrate, 
denaturing the hybridized polynucleotide and extended 
oligonucleotide, thereby to free the extended oligonuc- 
leotide from the solid substrate, and separating the extended 
oligonucleotide. The product can be used for making analy- 
tical probes. 
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This invention relates'co d method for the larce 
scale production of a specific nucleic acid sequence: 

Large scale production of a nucleic acid sequence is 
usually done by cloning the particular sequence m a 
5 specific vector. The sequence to be cloned is isolated, 
identified and then coupled covalently to a single or 
doxible-stranded vector. The vectors with the extra DNA 
are separated from the host cell and, depending on the 
requirements, the cloned piece of DNA has to be 
10 restricted and separated from the rest of the DNA. If 

one requires single-stranded DNA, either it is cloned in 
a single-stranded vector or strand separator is 
necessary. All these techniques involve skilled 
manipulation of biochemical and biological systems; 
15 Analytical Biochemistry, 140, 95-103(1984) describes 

a method of producing DNA hybridization probes by 
non-specif ically immobilizing single strand DNA template 
to cellulose. Although the method is useful, the length 
distribution of, the newly synthesized product DNA is not 
I 20 as uniform as might be desired. It now appears this may 

be due to multiple attachments of the template DNA to the 
cellulose. 

It is accordingly an object of this invention to 
synthesize specific nucleic acid sequences on a 
25 relatively large scale without the continual need for 
plasmids , cloning and restriction . 

This and other objects and advantages are realized 
in accordance with the present invention pursuant to 
which there is provided a process for production of a 
30 single strand of a nucleic acid comprising covalently 
linking to a solid substrate a polynucleotide 
complementary to the desired strand, hybridizing said 
polynucleotide with an oligonucleotide, extending tne 
oligonucleotide in direction away from said substrate, 
35 denaturing the hybridized polynucleotide and extended 
oligonucleotide, thereby to free the extended 
oligonucleotide from the solid substrate, and separating 
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the extended oligonucleotide from the solid support 
carrying the covalently linked polynucleotide which 
support is then recycled to an earlier step in the 
process. 

The intermediate product comprising a solid 
substrate, a single-stranded polynucleotide covalently 
linked to the solid substrate/ and an oligonucleotide 
hybridized to the polynucleotide is also new. 

The invention will be further described with 
reference to the accompanying drawing which is a flow 
sheet of a preferred process. 

A solid support 10 is covalently coupled to a DNA 
strand 12 comDlementary to the desired strand to be 
synthesized, the DNA strand having its 3'-end adjacent to 
the solid support. This product, 14, is known. 

An oligonucleotide 16 corresponding to the 5 '-end or 
the desired strand is then hybridized to strand 12 of 
Product 14. This solid new intermediate 18 is contacted 
with a solution containing nucleoside triphosphates and 
U 20 the Klenow fragment of DNA polymerase, whereupon the 

1^ oligonucleotide grows at its 3 '-end, following the DNA 

strand 12 serving as a template, producing the desirea 
strand 20 base-paired to 12. The structure constituting 
the oolynucleotide base-paired to the extended 
oligonucleotide is denatured so as to release the strand 
20 to the solution and then the strand-containing ■ 
solution is separated from the product 14, as by 
centrifugation, the product 14 then being recycled to an 
earlier step in the process. 

The desired strand 20 can be recovered from its 
solution in any known manner. 

Describing the invention in greater detail, the 
so^^d suoDort can be cellulose, Sephadex, or Sepharose, 
piece of paper, nylon or anything which can be usee to 
react with an amine or aldehyde or similar residue. 

The nucleic acid is linked to the solid support m 
known manner, e.g., the latter providing an aldehyde or 
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amine reactive group which 'can"reacr with an amine or 
aldehyde group provided on the nucleic acid to form a 
Schiff's base, followed by its reduction as with a 
borohydride to form an aminomethylene joinder between 
support and nucleic acid. This is described more fully 
in European Patent Application No, 85 101 407.6. The 
link can also be a phosphate ester, etc. 



10 After the gene probe or the gene to be copied has 

been immobilized, it is primed with a suitable piece of 
oligonucleotide such that the 5' end of the 
oligonucleotide will hybridize to the 3' end of the 
imjtiobilized DNA. Since the 3* end of the immobilized DNA 
15 is closer to the solid support, the 5' end of the 

oligonucleotide will also be closer to the solid support 
in i and the 3' hydroxyl residue of the oligonucleotide primer 

will be available for primer extension by several DNA 
synthesis enzymes, for example, DNA polymerase, Klenow 
^ I 20 fragment of DNA polymerase or reverse transcriptase. 
^ i After the primer has been hybridized to the immobilized 

O I DNA, it can be extended by using those enzymes and 

\ suitable nucleoside triphosphate substrates. After the 

^ j enzyme reaction is over, and the enzyme is washed away, 

Q ! 2 5 one can separate the newly synthesized DNA strand by 
^ i heating the solution or by adding some denaturing agent, 

j for example, sodium hydroxide solution, formamide or 

dimethyl sulfoxide. 
I The solid support carrying immobilized nucleic acid 

! 3 0 is separated from the solution containing the desired 
I strand as by filtration and/or centrifugation and the 

solid support can be recycled, if desired, after washing. 
] The supernatant containing the desired strand is 

subjected to dialysis, alcohol precipitation or the like, 
: 3 5 to obtain pure strand which can then be used in known 
] manner. One such use is for making probes for diagnostic 
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- ■ ■y.^A morp-'fullv in Eurooean Patent Appli- 
tests as aescribed more xuxj-y 

,0Ucvin, Ulus«.tiv. examples wherein all parts are oy 
;ei9ht unless otherwise expressed or apparent fro. the 

context. 
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A segment of 6-globin gene containing 737 
„,c.eotide residues has been cloned in a vector H 3mp7. 
S^n'ce the cloning sites on H13»p7 are in an inverted 
-'eoeat. they exist in a double-stranded form even in 

y aouble-stranded site can 

single stranded H13 DNA. mi „,3-.„7 
be digested with proper restriction ™- «"7;,.^^.^ 
vector with ^7.0 residues of '-'l*^'';"^""'^, "//"^ 
digested with the restriction enzyme which " 

— ra:e::%rt:irg"treViL!:- 
irs::ris°ro:ui": o„trsephadex o.. the fouowmg 

the sephadex particle is activated with CHBr 
as has been described in Example 2. The 737 globin 
i sert-containing fragment is tailed with terminal 
aeoxynucleotidyl transferase using .TP as a sub trate 
.BxaLles 3 and ATP. being a f^^'^^ 

triphosphate, contains a sugar residue ""^^ 
oxidized to produce a dialdehyde. '^^^ 

4.Kon be reacted with the aroide on the sox-u 
residues can then De rescue 

^ v*:^ Kacp which can be reduced to 
support to form a Schiff base whicn , ^.^^o-t 

• -i^r^varrp. between the solid suypo- >- 
produce secondary amine linkage betwee 

Tfter'he orobe is i:^obiU.ea, a primer containing 

„;cleotides -is hybridized with the immobilized - ^no 

• . ovt^nsion is performed by using eitne. 
then the primer extension 
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Example 2 

5 Preparation of the solid support containing Amine 

(NH^) groups . 

Sephadex G25 powder (0.5 g) is mixed with 5 ml 
distilled water at room temperature for approximately 30 
minutes. The product is washed with distilled water and 

10 resuspended in 20 ml ice cold distilled water. The 
suspension is adjusted to pH 10.5 - 11 with a 5 M 
solution of sodium hydroxide. The suspension is cooled 
in an ice-bath (4**C) and 1.0 g solid cyanogen bromide is 
added to the suspension. The suspension is retained in 

15 the ice-bath and continuously stirred for 30 minutes. 

During this period, the pH is continuously monitored and 
maintained at 10.5 - 11 with sodium hydroxide (5 M) . The 
suspension is washed with ice cold distilled water and 
treated with approximately 5 ml of hexamethylene diamine 

20 (1 M solution in H^O, adjusted to pH 9 - 10 with HCl) . 

The Sephadex amine product is washed with water or other 
suitable buffer, depending on the future use of the 
product. 

2 5 Example' 3 

Terminal transferase addition of ribonucleotides . 
A ribonucleotide or deoxyribonucleotide can be 
coupled to the 3'-hydroxyl terminus of a DNA molecule or 
oligonucleotide by the enzymatic action of terminal 
30 deoxynucleotidyl transferase. Twenty (20) ;al DNA 737 bp 
approximately 5 x 10*^"^ moles are dissolved in 20 ^1 
potassium cacodylate (1 M, pH 7.2). This solution is 
incubated with 40 ;al distilled water, 5-20 jqI dithio 
threitol (DTT) (2 mM) , 1-2 fil ribonucleoside triphosphate 
35 (10 mM) and 50 pi magnesium chloride (20 mM) at 37*C for 
5 minutes. The reaction mixture is subsequently cooled 
in an ice-bath for 10 minutes. Terminal deoxynucleotidyl. 
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transferase (14 - 20 units) is added and the mixture .s 
incubated at IS' for 24 hours. The modified nucleic acid 
can be isolated from non-coupled nucleotides and protein 
by phenol extraction and alcchol precipitation. 

Example 4 . , ^ n ; ^ 
^:;;;;iinq of e nd labeled nudP^c acids to a solid 

support . 

^ rou plinq via Schiff s base formation. 
It is known that cis-diols can be oxidized by 
per^-odate to form dialdehydes. The dialdehydes can form 
schiff s base with a primary amine group via the addition 
of -NH^. The schiff s base can be reduced with sodium 
borohydride to form a secondary amine. 

In a similar manner, (DNA containing a 
ribonucleotide at the 3'-hydroxyl terminus (Example 3) is 
dissolved in sodium acetate buffer, 0.1 H, pH 5 at a 
concentration of 1 mM. Twenty (20) pi of sodium 
.etaperiodate (100 mM), is added to 1 ml of the nucleic 
acid solution. The reaction is allowed to proceea for 40 
minutes at room temperature (25 »C) . Following the ^ 
reaction, the pH is adjusted to 8 with sodium hydroxice 
solution. The solution is added to a Sephadex-amine _ 
(Example 2) , prepared as described above suspended in a 
suitable buffer such as 0.1 M sodium acetate pH 8. 
reaction is allowed to proceed for 30 minutes at room 
temperature (25 »C) resulting in the formation of a 
suspension of Schiff s base. The Schiff s base is 
reduced by the addition of sodium borohydride. The 
, reduction is carried out in four steps: Approximately 
0.15 ml of freshly prepared sodium borohydride solution 
(200 mM) is added and the reaction is allowed to proceed 
for 30 minutes. Approximately 0.15 ml of sodium^ 
borohydride solution is again added to the reaction 
5 fixture and the reaction is continued for 60 --^"^ 

Another 0.15 ml of the sodium borohydride is subsequent! 
added to the reaction mixture. After 90 minutes, ano.he 
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aliquot of 0,15 ml of the* 3dc*fu.T:'Dorb7.yGriGe'*so9A 
added to complete the reaction. The suspension is 
ccntrifuged for 30 minutes at 2000 g. The supernatant is 
decanted and the wash is repeated 3 times. The pellet is 
5 resuspended in 5 ml of the hybridization buffer as in 
Example 5, 

Example 5 

Hybridization of the oligonucleotide 19A' with the 

10 immobilized 737 insert as in Example 4; 

The 737 insert immobilized support is suspended in a 
buffer containing 50 mM tris and 1 mM dithiothreitcl . 
Oligonucleotide 19A' , Proc. Natl. Acad. Sci. USA 8_0, 278 
(1983) is dissolved in the same buffer and is added to 

15 the suspension. The whole mixture is heated to 65 °C and 
then brought down slowly to 50 *C. The mixture is left 
for 15 minutes after which time it is cooled to room 
temperature. Unreacted, unhybridized oligonucleotide is 
removed by washing at O^C with the same buffer. The 

20 hybrid containing the immobilized support DNA is washed 
with 15 mM tris buffer, pH 7 . 2 . 

Example 6 

The preparation of the hybridization probe using 
25 reverse transcriptase of the Klenow fragment of DNA 
polymerase 1 . 

The hybrid immobilized onto the solid support 
produced in Example 2 is taken in a buffer containing 50 
mM tris, pK 7.2, 10 mM magnesium sulfate, 1 mM 
30 dithiothreitcl, 50 micrograms per ml BSA and 200 pM each 
of l~deoxy ATP, deoxy CTP, deoxy GTP, deoxy TT? and, 
e.g., 5 units reverse transcriptase or Klenow fragrr^ent c: 
DNA polymerase. The whole mixture is incubated at room 
temperature for .30 minutes and the reaction is stopped b> 
35 centrifuging the supernatant and removing the solid 

particles. The solid particles are washed wit.w the sa--? 
buffer and heated to 40°C after adding 80% forma" -ce - 

MD 2 1 2 



0134056 

newlv synihesized'-pribe'-from the solid 



shed thoroughly v*ith water, 



rsmovs the 

support. The support is was 

..fn with tris buffer and it is recycled as xn Zxemp e 2 
and 3. The synthesized probe is then analyzed by gel 
electrophoresis to determine the lengtn. 



Ex ample 7 . ui -3 // 

- 7^.^r,a ox a b -^.-'.lobin cene segment in H13 ,, - 
/ TO orepare a single-stranded segment of '^e beta- 
hemoglobin gene that can be separated fro. the phage DN. 

nThich it is propagated, an approximately 740 base pair 
Ilu I segment of the globin gene was inserted into the 
linxer region of the double stranded replicative form of 

Ml3inp7. ^ 4. V,:, 4. Vise; been incorporated into 

The linker region that has Deen . 
the ohage D«A is not only rich in restriction enzyme 
cleavage sites, but is a reverse repeat, and has the 
Liority of forming a duplex in otherwise single-stranded 
phage OKA. Hestriction enzymes retire double-stranded 
La as a substrate, thus the .p7 phage D«A can be cleaved 
bv the enzvme. Cloning of a foreign DNA segment into the 
Zinc II site, for example, allows digestion of the 
single-stranded phage OHA by such enzymes as EcoKI or Bam 
HI, separating the recombinant phage DKA into vector and 
insert" strands that are readily separable from one 

""""ihi 740 bp Aiu I segment of the beta-globin gene 
oomorises the beginning of the gene and a portion of its 
30 ups'tream flank. The segment was initially cloned by 
converting the Alu 1 ends to EcoRI ends, and 
the segment into pBK322 at its EcoKI site: Hecloning the 

coHI segment into «13mp7 in a useful location inv ved 
the filing-in of XcoBI ends of the globin segment so .h=. 
35 it could be blunt-end ligated into mp7 ^^^^^H' XZ 

Hino II. insertion at the Hinc II site assured that t,. 
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insert could be effectively removed from single-stranded 
recombinant phage DNA by EcoRI or Bam HI digestion. 

Establishment of the orientation of the insert in 
clones, and determination of whether the insert strand in 
5 phage was coding or noncoding, was accomplished, by 
restriction enzyme digestion, and hybridization of 
strand-specific synthetic probes to phage DNA. 



Example 8 

The newly synthesized probe of Example 6 hybridizes 
with the 201 bp fragment of the Dde I digested nucleic 
acids containing s -globin gene. This probe is used for 
the detection of the digestion pattern in a sickle and 
normal S-globin genomic DNA following the procedure 
described in U.S. Patent No. 4,395,486. 

It will be understood that the specification and 
examples are illustrative but not limitative of the 
present invention and that other embodiments within the 
spirit and scope of the invention will suggest themselves 
20 to those skilled in the art. 
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^ structure for producing a specific 
.>.-c-'e^c acid strand, comprising a solid substrate, a 
single-stranded polynucleotide covalently linked at one 
end to the solid substrate, and an oligonucleotide 
hybridized to the polynucleotide. 

2 A structure according to claim 1, wherein 
the oligonucleotide comprises at least five nucleotide 
residues. 

3 A structure according to any of claims 1 and 
2, wherein the 3 ' -end of the polynucleotide is linked to fr 
solid substrate . 

4. A structure according to any of claims 1 to 3 
wherein the link contains a -N-C- bond. 

5 A structure for producing a specific 
nucleic acid strand, comprising a solid substrate, a 
single-stranded first polynucleotide covalently l.nked at 
one end to the solid substrate, and a second 
■ polynucleotide hybridized to the first polynucleotxae 
"one end of one polynucleotide being complementary to .he 
other end of the second polynucleotide. 

6 A structure- according to claim 5, wherein 
the 3 --end of the first polynucleotide is linked to the 
solid substrate, the link containing a -N-C- bond. 

7 A process for production of a single 
strand of a' nucleic acid comprising covalently Unking to 
a solid substrate a polynucleotide complementary to the 
e.sired strand, hybridizing said polynucleotide with an 
oligonucleotide, extending the oligonucleotioe m 
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hyb.i«.ed polynucleotide „ e :;.er'^r"" '""^ 
thereby to free the extended " "'^^'^ oligonucleotide, 

3.b3t„te, ,„d :::LT::r:::::a": 

oligonucleotide. extended 
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^ 8. A process according to claim 7 • 

the further step of recycling the solid . 
the covalently Un.ed polynucleotide ''^^^ "^^^^"^ 
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Europaisches Patentamt. 
ErhardtstraSe 27, 
W-8000 Miinchen 2 



An alle Patentanmelder, Patent- 
inhaber und ihre Vertreter 



WAR N U N G 

vor irrefuhrenden Anpreisungen 
und Zahlungsaufforderungen 
von Firmen, die angebiich euro- 
paische Patente registrieren 



Zahlreiche Patentanmelder und Pa- 
tentinhaber haben das Europai- 
sche Patentamt darauf aufmerk- 
sam gemacht. dafi Unternehmen 
und Einzelpersonen - unterVer- 
wendung anntltcher oder anntiich 
klingender Bezeichnungen - zur 
gesetziich nichi wirksamen Eintra- 
gung von Patenten in nichtamtli- 
chen Registern oder Publikationen 
einiaden, Hierfur werden in der Re- 
gel hohe Geldzahlungen veriangt. 
ohne daft die Patentanmelder bzw 
-inhaber dafur eine adaquate Ge- 
genleistung erhalten. 

Das Europaische Patentamt weist 
darauf hin, daft eine gesetziich 
wirksame Verbffentlichung bzw. 
Eintragung von europaischen Pa- 
tentanmeldungen und Patenten 
nur uber das Europaische Patent- 
amt erreicht werden kann und daft 
die Eintragung in das Europaische 
Patentregister von Amts wegen er- 
folgt. 

Das Europaische Patentamt 
warnt eindringlich vor den irre- 
fuhrenden Machenschaften sol- 
cher Unternehmen und Einzel- 
personen. Insbesondere wird 
darauf aufmerksam gemacht, 
daS die angebotenen Leistun- 
gen keinerlei Rechtswirkung 
entfalten: Eine Zahlungsver- 
pflichtung besteht daher nicht. 

Stellen sich fur Sie weitere Fragen. 
wenden Sie sich bine an ihren Ver- 
treter Oder an das Europaische Pa- 
tentamt (Tel: Munchen 089/ 
23994512). 



European Patent Office. 
Erhardtstrasse 27, 
W-8000 Munich 2 



To ail applicants, patent 
proprietors and representatives 



WARNING 

Beware of approaches and 
requests for payment from firms 
purporting to register European 
patents 



Numerous applicants and patent 
proprietors have informed the 
European Patent Office that firms 
and individuals using 
official-sounding names have been 
inviting them to register patents in 
unofficial registers or publications. 
High fees are generally charged, 
for which the patent applicant or 
proprietor receives no real service. 



The European Patent Office would 
point out that it alone performs 
legally effective publication and 
registration of European patent 
applications or patents, and that it 
does so automatically. 



The European Patent Office 
warns all concerned to guard 
against the subterfuges of such 
firms and individuals. You 
should also be aware that 
because their services have no 
legal effect whatsoever, there is 
no obligation to pay 



/f tn doubt, please contact either 
your representative or the 
European Patent Office 
(Tel. Munich 039/2399 4512). 



Office europeen des brevets. 
Erhardtstr. 27. 
W-8000 Munich 2 



A tous les demandeurs, les titu- 
laires de brevet et leurs manda- 
taires 

AVERTISSEMENT 

concernant les offres fraudu- 
leuses et les invitations a payer 
emanant de societes qui pre- 
tendent proceder a I'enregistre- 
ment de brevets europeens 

De nombreux demandeurs et titu- 
laires de brevet ont attire I'atten- 
tion de rOffice europeen des bre- 
vets sur le fait que des societes et 
des particuliers, utilisant des de- 
nominations officieltes ou a con- 
sonance officielle. offrent d'effec- 
tuer I'inscription - qui est denuee 
d'effet legal de brevets dans des 
registres ou des publications non 
officielles et reciament generale- 
ment des sommes importantes. 
sans contrepanie adequate pour le 
demandeur ou le titulaire du bre- 
vet. 

L'Office europeen des brevets sig- 
nale que la publication et I'inscrip- 
tion de demandes de brevet europ- 
een et de brevets europeens ne 
peuvent produire d'effet legal que 
si elles sont effectuees par I'inter- 
mediaire de TOffice europeen des 
brevets, et que I'inscription au Re- 
gistre europeen des brevets a lieu 
d'office. 

L'Office met instamment en 
garde les demandeurs et leurs 
mandataires centre les agisse- 
ments frauduleux de ces so- 
cietes et de ces particuliers. II 
est notamment rappele que les 
prestations offertes ne produis- 
ent aucune espece d'effet juri- 
dique. et qu'il n'existe done au- 
cune obligation de paiement. 

Pour toute autre question a ce su- 
jet. veuillez vous adresser a votre 
mandataire ou a I'Office eurooeen 
des brevets (tel.. Munich 089-2399 
45121. 



